The photocontrol of the functional coupUng between photosynthesis and stomatal conductance in the leaf was investigated in gas exchange experiments using monochromatic light provided by lasers. Net photosynthesis and stomatal conductance were measured in attached leaves of Malva parviflora L. as a function of photon irradiance at 457.9 and 640.0 nanometers.
ductance can control photosynthetic rates by limiting CO2 supply. Conversely, when photosynthetic rates change due to variations in environmental conditions or limitations in the nutritional status of the plant, adjustments in stomatal conductance are consistently observed (2, 4, 25) . The nature of the coupling which allows conductance levels to respond to photosynthetic rates remains obscure.
Both photosynthesis and conductance can respond directly to light and CO2 (8) ; thus, a functional coupling between the two leaf functions could result from parallel, albeit independent responses from the leaf mesophyll and epidermis to each environmental signal. Coupling could also emerge from the functional control of mesophyll by epidermis or epidermis by mesophyll as postulated by some investigators (19, 25) . A characterization of the conditions under which the coupling between photosynthesis and stomatal conductance is altered should enhance our understanding of the physiology of the intact leaf and provide insight into the mechanisms controlling epidermis-mesophyll interactions. Experiments with isolated epidermal peels and guard cell protoplasts have shown that guard cells can respond to light in the absence of mesophyll (7, 11, 27, 28) . The wavelength dependence of these responses points to the activity of two separate photosystems, one sensitive to PAR and the other responsive specifically to blue light (5, 9, 15) . Whereas the PAR response of guard cells, presumably associated with their chloroplasts, has been implicated in energy supply, CO2 modulation and signal processing (6, 17, 29) , the role of the blue light-dependent photosystem remains to be elucidated.
We recently showed that in the early morning, increases in stomatal conductance prior to the attainment ofthe photosynthetic light compensation point require blue light (30 times a week. Young, fully expanded leaves were selected for each experiment.
Gas Exchange. Stomatal conductance and net photosynthesis were measured on single, attached leaves using the steady-state gas exchange system described previously (3, 30 proportionally large increases in conductance at low photon irradiances (Fig. 2) .
The values of conductance (Fig. 2) (Fig. 1) .
To examine the action of the blue light-dependent photosystem under circumstances where the PAR-dependent photosystem was already functioning, leaves were exposed to relatively intense (0.25-0.5 mmol m-2 s-') monochromatic red light and, once steady-state conditions were established, low intensity (0.003-0.015 mmol m-2 s-') blue light was added. After addition of blue light, stomatal conductance increased substantially, whereas net photosynthesis changed only slightly (Figs. 4 and 5) . Similar results were obtained using the broad-band source (Fig. 4) or the Ar+ ion laser (Fig. 5) . In both experiments, the short-term decline in intercellular CO2 after the addition of blue light reflected a rapid increase in net photosynthesis due to the higher irradiance.
The subsequent rise in CO2 internal was a consequence of the marked increase in conductance.
Opposite results were obtained when low intensity FR was added to a leaf exposed to intense, monochromatic red light and low intensity blue light (Fig. 5) efficiency of stomatal conductance under blue and red light (Fig.  3) underscores two distinct photoresponses. The high efficiency of blue light and the absence of responses to red light at low irradiances indicate that stomatal opening at low light levels is controlled by the blue light-dependent photosystem (26) . On the other hand, the similar apparent photon efficiencies of conductance under blue and red light above 0.02 mmol m-2 s-' point to a PAR-dependent system driving stomatal conductance at all but low irradiances. The somewhat higher conductances measured under blue light (Fig. 1) The apparent photon efficiency shown here under most intensities of blue and red light does contrast with the action spectrum of stomatal opening reported for X strumanum, where the irradiance required to obtain a given conductance at 654 nm was about 10 times higher than the one needed at 455 nm (21) . Although the two studies are not strictly comparable because of differences between species, light sources, and the use of detached, trimmed Xanthium leaves in (21) , the major discrepancy between the two reports appears to be the intensity range over which the high efficiency blue light response operates. Whereas our data (Fig. 3) show an abrupt change in efficiency at around 0.02 mmol m-2 s-', the differential sensitivity to blue light in Xanthium extends to considerably higher intensities. That blue light is very high at low irradiances and decreases at high irradiances is demonstrated in both studies.
At photon irradiances between 0.02 and 0.2 mmol m-' s-5, net photosynthesis increased about two times as much under red light as under blue light (Fig. 1) . Stomatal conductance, on the other hand, had the same apparent photon efficiency under both wavelengths, indicating that the PAR-dependent system driving the stomata responds primarily to light intensity rather than to mesophyll photosynthesis, as proposed elsewhere (25) . Throughout the light curves, conductances were higher at all irradiances under blue light than under red light, even though CO2 internal was lower under red light. Increases in conductance caused by the addition of low levels of blue light to a background of intense red light were accompanied by increases in intercellular CO2 concentrations, whereas FR supplementation lowered CO2 internal but caused no changes in conductance. Thus, in all experiments the responses to light quality and intensity overrode any tendency for increasing CO2 internal to reduce stomatal conductance. Similar conclusions from experiments using white light have been reported (20) . These findings are inconsistent with a preponderant stomatal control by CO2 as postulated elsewhere (19) .
Data showing that guard cell chloroplasts have light-harvesting pigments of PSI and II, sustain a normal electron transport and can photophosphorylate (12, 17, 29) indicate that guard cell chloroplasts are probably involved in the PAR responses of stomata through the supply of high energy equivalents driving stomatal opening during the day (12, 29) . Furthermore, photophosphorylation in guard cell chloroplasts seems modulated by CO2 (12) , suggesting a mechanism that provides a coupling between stomatal conductance and mesophyll photosynthesis via intercellular CO2 concentrations. We thus propose that photosynthesis and stomatal conductance respond to PAR in parallel and that guard cell sensitivity to intercellular CO2 concentrations increases the coupling between photosynthesis and conductance. What then, is the role of the blue light-dependent system? Our results suggest that this second photosystem in the guard cells operates as a light sensor generating a high gain signal when light is present. The high apparent photon efficiency of conductance under low intensity blue light provides such a signal which saturates well below 1% of full sunlight and explains our earlier observations showing that predawn increases in stomatal conductance are a blue light response (30) . Predawn opening is insensitive to red light because prevailing light levels are below the threshold for the PAR photosystem. The increases in conductance elicited by the low levels of blue light added to high intensity red light are very similar to the predawn opening. It seems, therefore, that at higher intensities of white light, a fraction of the stomatal conductance is due to the activity of the saturated blue light-dependent photosystem, added to a continuous PAR response.
The functional role of a specific light sensor in the guard cells may be related to the relative time constants of photosynthesis and conductance. While photosynthesis responds to light in seconds, changes in stomatal conductance usually take several minutes (3, 30) . These differences in time constants can lead to large and rapid fluctuations in internal CO2 (8) . Thus, a coupling dependent solely on the PAR response of guard cells and intercellular CO2 could oscillate widely, limiting the capacity of stomata to integrate irradiance levels with other important environmental parameters including VPD, temperature, and leaf water potential, independent of photosynthetic rates. Especially under partly cloudy skies, with light changing rapidly, the blue light sensor may tend to stabilize conductance. In addition, the blue light-dependent photosystem may mediate metabolic reactions of the guard cells without the obligatory involvement of the energy generating, PAR-dependent system.
The blue light-dependent system may also be important for the function of stomata in light-limited environments, such as the understory of dense canopies where rapid sunflecks are common and light levels might not exceed the threshold for the PAR system.
